In this paper the ultra sensitive electrochemical cytosensor was introduced for prostate cancer cells (Du-145) detection. In this cytosensor Du-145 cells were captured on modified gold electrode by using CD-166 antibody. Also reduced graphene oxide/ gold nanoparticle/ CD-166-horseradish peroxidase (rGO/ AuNP/Ab-HRP) nanoprobes as efficient signal amplifiers was designed for the cancer cells recognition. The presented cytosensor exhibited a good cell-capture ability, wide detection range and low detection limit of 50 cells. This cytosensor has great potential for cancer cell detection in clinical and pathological application.
INTRODUCTION
For more effective treatment in cancer disease early detection or diagnosis with the rapid, sensitive and selective method is vital. According to this fact, developing simple strategy for cancer cells and cancer stem cells detection could be crucial in clinical diagnosis 1 . Currently available technologies to detection of cancer cell are based among others on polymerase chain reaction (PCR) 2 , immunohistochemistry 3 , mass spectrometry4, flow cytometery 5 . While each technique has its own advantages there remains a need for sensitive, simple, rapid and cheap techniques for cancer cell detection.
A little while ago, electrochemical detection techniques (e. g. impedance spectroscopy (EIS) [6] [7] [8] , electrochemical luminescence (ECL) 16, 17 , differential pulse (DPV) 9, 10 , stripping (SV) [13] [14] [15] and cyclic voltammetry (CV) [11] [12] [13] ) was applied for cancer cell detection. The electrochemical techniques in comparison with traditional methods have own advantages such as rapid response, unprecedented sensitivity, and facile operation system. Nonetheless, selectivity and sensitivity electrochemical cytosensor are still the key problem. To overcome this issue, signal amplification approach by using the enzymes based electrocatalysts have proposed in numerous literatures [8] [9] [10] [11] [12] [13] [14] . Although sensitivity has improved by using this methods, developing a selectivity and sensitivity electrochemical sensor for cancer cells detection is still a challenging issue 18 .
As the thinnest material in our universe, graphene (G), has attracted particular attention of researchers during the past decade 13, [19] [20] [21] . It has been demonstrated that the sensitivity of electrochemical cytosensors can be improved by using the Au/ graphene hybrid nanostructure 6, 17, 22, and 23 .
According to the world health organization (WHO) repor ts, prostate cancer is the most widespread form of cancer in men, and it is the second cause of cancer death in male 24 . The over expression of cluster of differentiation 166 (CD-166) in on a member of prostate cancer cells have proved by immunohistologic studies [25] [26] [27] . The over expression CD-166 in more than 86% of prostate carcinomas was reported by Sampieri 26 . Thus, the CD-166 antibody could be appropriate candidate for prostate cancer cells detection.
In this study, extremely sensitive and selective electrochemical cytosensor has been introduced for detection of Du-145 prostate cancer cells by using the dual recognition and enzymatic signal amplification approach. In the present cytosensor, the modified gold electrode by CD-166 antibody was used to capture the target cancer cells, and graphene / gold / CD-166-horseradish peroxidase (RGO/ AuNP/Ab-HRP) nanoprobes was utilized for accurate recognition and enzymatic signal amplification. As it was anticipated, this cytosensor exhibited an outstanding performance for the target cancer cells detection. 
ExpERIMENTAL
All materials and chemical reagents were purchased from Sigma Aldrich. CD-166 monoclonal antibody and CD-166 -horseradish peroxidase were supplied from Abcam. Du-145, 293T, L02, HepG2 and MCF-7cell line was obtained from ATCC. According to our previous work graphene oxide (GO) was synthesized based on modified hummer's method 19, 28 . The reduced graphene oxide / gold nanostructures (rGO/AuNP) were obtained by chemical reduction of chloroauric acid (HAuCl 4 ) on graphene oxide sheets. In brief, 100 ml of chloroauric acid (0.02 M) was mixed with the 2 ml of GO suspension (1 mg/ml) at room temperature. After 2 h 0.05 ml of NaBH 4 (0.1 M) was added to the mixture and stirring for 1 hour. The sample was finally washed three times with DI water.
The CD-166-horseradish peroxidase (Ab-HRP) were introduced to the modified rGO/ AuNP through 1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide (Sigma) and N-hydroxysuccinimide (EDC/NHS) reaction. In brief. 2 ml solution of 3-mercaptopropionic acid (3MPA) was mixed with the 2 ml of rGO/AuNP (1 mg/ml) at room temperature and stirring for 5 hour. Then the mixture was washed three times with PBS. Subsequantly, modified rGO/ AuNP were incubated with 50 mM EDC/NHS for 15 minutes. Afterwards, 0.2 mg/ml Ab-HRP were added to the mixture and kept in 4° C for 2 h. The mixture was finally washed three times with PBS (Scheme 1a).
In this work gold electrode, was made out of a gold rod isolated by a plastic cover, with its tip polished by Aluminum oxide to be utilized as the immobilization surface. Then it was placed inside piranha solution (hydrogen peroxide / sulfuric acid 1:3 volume fraction) for 5 min. and washed with deionized water. The electrochemical cytosensor was prepared by the immersing this electrode in ethanol solution of 3-mercaptopropionic acid (MPA, Merck) (pH=11, using NaOH for pH adjustments) for 2 h. in room temperature. Then surface, was washed with deionized water and was incubated in CD-166 antibody solution at 4°C in presence of (EDC/NHS) for 24 h. after 24 h. to remove weakly bonded proteins, the electrode was washed with deionized water and dried at room temperature (Scheme 1b). Electrochemical impedance spectra (EIS) technique was applied for study of different assembly processes steps in the cytosensor (Fig. 1D) . As shows in curve a, due to fast electron transfer process, semicircle domain in Nyquist plots was observed for the bare electrode. Curve b shows that the semicircle domain was increased when CD-166 was introduced to the electrode. As demonstrated in curve c, by assembly of cancer cells the resistance was obviously increased and by introducing the nanoprobes to the cell/ CD-166/ gold electrode impedance was also increased (curve d).The presented results in figs. 1A, 1B, 1C and 1D confirmed that rGO/ AuNP/Ab-HRP / Du-145 cell/ CD-166/ gold electrode architecture was successfully achieved in the present cytosensor.
The signal amplification strategy that used in this study was investigated by differential pulse voltammetry (DPV) technique ( fig. 2A ). For the Du-145 / CD-166 /gold electrode weak current peak was observed in DPV (curve a). DPV current peak was increased by introducing the nanoprobes to the Du-145 / CD-166/ gold electrode in the presence of H 2 O 2 (curve b). On the other hand, when CD-166 / gold electrode was incubated rGO/ AuNP/Ab-HRP nanoprobes without Du-145 cells current peak was obviously decreased in DPV (curve c).
The incubation time of rGO/ AuNP/Ab-HRP nanoprobes with the Du-145 / CD-166/ gold electrode was known as essential factor in cytosensor response.
The prepared modified electrode was incubated with 200 ml of the cell suspensions for 75 min. at 37° C. Then the electrode was rinsed and immersed into RGO/ AuNP/Ab-HRP nanoprobes solution for an hour. The electrochemical signal was obtained through enzymatic reaction of HRP in the presence of H 2 O 2 (increasing reduction current) and the current peak in differential pulse voltammetry was directly related to the captured cells (Scheme 1c).
H e r e i n I v i u m S t a t . X R wa s a p p l i e d electrochemical measurement. Philips EM208 transmission electron microscope (TEM) was used for study of the samples morphology. X-ray diffractions (XRD) analyses was done by X'Pert PRO MPD (PANalytical) diffractometer.
RESULT AND DISCUSSION
The TEM images of GO and rGO/ AuNP are shown in fig.1A and fig.1B respectively. As shown in fig.1A , the prepared GO was fully exfoliated with several hundreds of nanometres in length (lateral width: 70 to 800 nm and the average thickness: 2 nm). As it is clear in fig.1B , AuNP was decorated on the surface of reduced graphene oxide uniformly with high density. Also in the synthesized rGO/ AuNP, it can be seen that AuNP has narrow size distribution within a range of 5-10 nm. According to the TEM image, the combination of reduced graphene oxide nanosheets and gold nano particles was successfully done, and no free nanoparticles were individually observed. The XRD patterns of GO and rGO/ AuNP are also shown in fig. 1C . As shown in curve a, the reduced graphene oxide has a peak at 2θ~26.01 o which is associated to the (002) plane of graphite. For rGO/ AuNP as clearly shows in The effect of incubation time on DPV current peak was shows in Fig. 2B . As demonstrated in Fig. 2B , the peak (∆i p ) gradually rose by increasing incubation time of nanoprobes. However, the peak current hit a plateau after 75 minutes. According to this results, 75 min. can be selected as optimum times and it was chosen as incubation time of nanoprobes for this cytosensor. The concentration of nanoprobe is another essential factor in cytosensor response. The effect of nanoprobe concentration on DPV current peak was shows in Fig. 2C . As shown in Fig. 2C , the ∆i p rose by increasing concentration of nanoprobe and it was started to plateau for concentration of 7 mL of nanoprobe. Therefore, 7 mL was chosen as optimum concentration.
The influence of Du-145 cells concentration on DPV responses and the linear calibration curve was shows in Fig. 3 . As demonstrated in Fig. 3B , the peak (∆i p ) increased by increasing Du-145 cells concentration. Also between the peaks current and Du-145 cells concentration a linear relationship with ∆i p (mA) = 2.07 + 1.12 Ln C cells (cells ml -1 ) with a correlation coefficient of 0.97 (n = 5) observed from 10 2 to 10 6 cells ml -1
. The detection limit of this cytosensor for Du-145 cells was achieved as 50 cells ml -1 . According to the fact that in this excrement 200 mL of cell suspension have been used achieve detection limits of the cytosensor can be obtained as 10 Du-145 cells. As represented in Table 1 in comparison with cytosensors which fabricated based on other electrochemical technique such as CV, DPV and EIS this cytosensor shows lower sensitivity. The specificity of this cytosensor was examined by using human embryonic kidney 293T, human breast cancer MCF-7 cells, human liver hepatocellular carcinoma HepG2 cells and human normal hepatocyte L02 cells. As demonstrated in Fig. 3C , for the 293T, MCF-7, HepG2 and L02 cells in comparison with Du-145 cells notable response can be observed. An excellent selectivity of the present cytosensor have been showed by this results.
CONCLUSION
In conclusion, we design and fabricate an ultrasensitive electrochemical cytosensor for Du-145 human prostate cancer cells detection by use of the dual recognition and enzymatic signal amplification approach. The modified gold electrode by CD-166 antibody was used in this cytosensor to capture the target cancer cells. Accurate recognition and enzymatic signal amplification was achieved by graphene / gold / CD-166-horseradish peroxidase (RGO/ AuNP/Ab-HRP) nanoprobes. A wide linear range from 10 2 to 10 6 cells ml -1 , good repeatability, high sensitivity and comparative low detection limits was observed for this cytosensor. In comparison with other cytosensors that reported in literatures, good performance was observed for the present sensor in cancer cell detection. All in all, this cytosensor has great potential for cancer cell detection in clinical application.
